The Supplementary Information includes:
Nucleation of edge dislocations
The type of nucleated dislocations depends on loading conditions. When applying strain to the sample in Fig. S1a , we observe nucleation of edge dislocations. As the energy of an edge dislocation is typically greater than that of screw ones, the critical strain to nucleate edge dislocation is about = 7.2%, greater than = 5.2% for screw dislocation nucleation. In Fig. S1b to f, we show atomic velocity fields during edge dislocation nucleation at different snapshots. 
Precipitate shape effect
Simulations with different precipitate shapes were performed. It was found that they can all serve as sustainable dislocation sources, but the corresponding critical stress for dislocation nucleation is different. The results are summarized in Fig. S2 .
Even for a precipitate as small as four atoms (two-dimensional case), different atomic arrangements introduce nearly the same potential energy change but give rise to 3 distinct critical strain to initiate dislocation nucleation. 
Nucleation of dislocation loops
After a critical shear strain, dislocation loops were nucleated from nanoprecipitates in our three-dimensional simulations. We show in Fig 
Dislocation equivalence
Similar dislocation nucleation behavior has been observed for precipitates of different sizes. The critical strain to activate dislocation nucleation is related to the precipitate size. In our simulation, precipitates composed of × × layers of solute atoms are simulated. Specifically, we consider three ( , ) combinations when = 2:
(1) = 8 and = 4 to 10, (2) = 4 to 10 and = 8 , ()) = = 4 to 10 . To reveal the relation between the critical strain and the size of nanoprecipitates, we make a 5 dislocation equivalence to the precipitate.
We capture using dislocation equivalence the lattice mismatch between atoms in the precipitate and the matrix to the difference of lattice parameter. Lattice distortion is viewed as dislocations with their net Burgers vector equal to the amount of lattice misfit.
We illustrate in Fig. S5 a planar view on the equivalence of precipitate expansion using dislocations, and Fig. S5a and S5b for concentrated and smear-out dislocations, respectively. The smear-out dislocations reduce stress concentration. We may calculate the strain energy introduced by the smear-out dislocations, or equivalently the excessive energy associated with the precipitate. The total strain energy of infinitesimal straight edge dislocations is obtained from the following double integral
where and denote the shear modulus and the Poisson's ratios, and is the integral domain ( ) the misfit curve. For concentrate dislocations, the misfit curve is show in Fig. S6a . Hence, the strain energy for an edge dislocation with Burgers 6 vector is
where 0 is the cut-off distance. Here we consider the dislocation are smear-out to capture the nanoprecipitate more effectively, as seen in Fig. S5b . therefore, the misfit curve ( ) becomes to Fig.   S6b , and the strain energy is
where is the characteristic size of the precipitate. By examining the equivalent Burger vector in eqns.(S2) with that in (S3), we notice that the total magnitude of smear-out dislocation can be expressed as
where and denote the lattice constant of the precipitate and the matrix, respectively. We obtain the conclusion that ∆ ℎ ∝ ( + ) 2 .
Supporting movies
Movie1: The dynamics of screw dislocation nucleation at a nanoprecipitate.
